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Abstract

Background and purpose: Exercise interventions are recognized as effective strategies for mitigating
muscle atrophy. The present study aimed to investigate the effects of retraining, administered both before
and after a period of lower limb suspension, on the expression of MURF1 and TRAF6 genes in slow- and
fast-twitch muscles of male rats.
Materials and methods: In this experimental study, 32 rats were subjected to an exhausting treadmill
test 48 hours after the last familiarization session which lasted one week, running at a speed of 10 to 18
meters per minute for ten minutes. The animals were divided into four groups of eight animals based on
their maximum speed. The duration of the training protocol was five weeks, and the duration of the lower
limb suspension was two weeks. Forty-eight hours after the last training session, the soleus muscle and
the abductor digitorum longus muscle were extracted, and the expression levels of MURF1 and TRAF6
genes were measured using real-time PCR.
Results: MURF1 and TRAF6 gene expression was significantly reduced by high-intensity interval
training (HIIT) in slow- and fast-twitch muscles of male rats compared to the control group (P< 0.05).
However, in the slow-twitch muscle (soleus), there was no significant difference in gene expression
between the training groups (P> 0.05). In contrast, in the fast-twitch muscle (extensor digitorum longus),
there was a significant difference in MURF1 gene expression in the retraining group compared to other
groups (P< 0.05). TRAF6 gene expression in the training groups was also significantly different only
between the retraining and non-training groups (P< 0.05)

Conclusion: HIT training before and after lower limb suspension appears to reduce atrophy in
slow- and fast-twitch muscles of male rats; however, fast-twitch muscles in the retraining group
demonstrated faster recovery than slow-twitch muscles.

Keywords: HIIT training, Retraining, Fast and Slow Twitch Muscles, Lower limb suspension, Muscle atrophy

J Mazandaran Univ Med Sci 2025; 35 (246): 22-35 (Persian).

Corresponding Author: Abdolreza Kazemi - Faculty of Literature and Humanities, Vali-E-Asr University of Rafsanjan,
Rafsanjan, Iran. (E-mail: rkazami22@yahoo.com)

22


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

ohs—3Hls (— S W)y ep—L c o5 bl as
(PP-W0) 11Se1C Jlw 15 PIEY syladd @iy § ¢ 0)9s

slog] Ole p liad plail Galed jl guy G poijl pl auylio
sloybgo yaluiil aii g 2iS Olleae ja TRAF-6 gMURF1

Hlpe

luhl.‘b o> Ul g
" oB Lo e

" 3sls el

23S

g o b ol aslllas (s Olae S 5T EalS Gl e sbalpl L5 O i das 9 diblw
pPLBIs 9 uS OMae ;5 TRAF-6 5 MURFL o) ol Slow eIkl G 51 ey 5 S G aTSk S
W5 el gl e sla e

ado o ST 5 s Colo FA 55 ol s i o VY sl il a0l 3T — o o anllas 53 :la by 9 3lgo
splol Jors 5 (535 p Slwoilaly 05057 4iBs 03 Olej 5 aids 53 2o ALV S p b aiin & Ss 0 (5LulisT
e Usb 5 axin B o o8 ST Se dsb it s GUA 05 SF 55 Dlae e ST 4 4 5 L Sl
3 gl b OkSSl sb odiS” Sl s s alae o o8 adr o ST 51 g Cola FA L3y wxin Y kot ol G
5 st Real-Time PCR ¢SS5 L TRAF-6 5 MURFL (sa033 - shaw O 50

A5 5 LS SMae s (HIT) Wdkd osls o a3 515 6ls gme sba TRAF-6 s MURFL sla0 0L :la didly
ALl S alae 53 oS Sali ol b P 2/00) i palS S 05 8 4 S ol e slaige oLl
oS 3L) oLl A5 dde 3 LlL(P> +/00) Bl 3 a3 Slres 8w DS Ol 43 (s sme o slis (L)
5 (P</00) Cuils 3 gmm 5 (6l dme Sl Loy 8 lu 4y o MURFL 05 0L jed b o 8 55 (0SSl 5
(P< 2 /20) 33 413 gmn s o o3 2 5 o5 Sl 05, o e 55 o oS slaes S 55 TRAF-6 03 0y

Sl i SLEl A5 5 AS OMas 5 Sy 5T alS caw Sl el G 51 dns g L3 HIIT (e sz biiiasl
S AL AST S ae 5l (BT 4 o e b es 8 53 pALEI A5 IMae I I L s Sl s

sl s 2L

SHhas (95 5T Gl oIl G ¢ (SLEI AST 5 A5 Bae (2 paT Sk b o3l o e 153408 sl 2]l

4o b0

LUl 31 ,U a5 55 i 5 (Plde slags, 0L L oS il oo iy i Z3L oS Sl s
.(\)ayi@)lfjbﬂﬁb)f@! 4Ma>}3)>j:£&jb)’l>}>'g;:jlsécﬁa.~4{4?}s
E-mail: rkazemi22@yahoo.com SHissesees £ ol p ke 5 Slosl 0aSsils (@ 2o J oBils oV 5 Ol cOlomind s — oS LS pISuc i giamme —igo

Ol Dl y Ol y pas S5 ol ¢ Ll psle 5 Dolal 0aSsils ¢ 2555 p ke 03 8 (2505 @ds i Ao W2
Ol (Ol 5 clowindy s S5 o885 Gl psle 5 Dbyl 0dSCils ¢ 555 pske 03 8 (255 858 se 5 SLls Y

Ol 0wty oy (S pshe o313 ¢ S5 5y 0T (5500836 5 (50005 03,5 5Ll ¥

VEFXY L s VPN oSl gl b VRN s b

PO 1CeIC a3« PISY a)ladls (@033 § (W )9 ohsjls (Al eole oGRSl alas


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

TRAF-6 ¢ MURF1 sslan) 0l » 3683 @ls3l @alas il guy ¢iapedil 31 awslis

4—s ==l ,> (Phosphoinositide  3-kinas) PISK/Akt
M:m@k\l{&wdlﬁ)dﬁudu&;ﬁy
Il 1531 31 (5 53 (UPS) p g3l 0 = 08 S
ool oS LS TRAF-6 i 5 ol 4 AL andls 2
NG5 938 850 5 93 pa > Plde 55 5T 5
(Ol S35 (K55 5 (615 m—aae)
35T L ke (S (sla O oo L TRAF-6 .0
565 5l adax Sl el ;s s (MURFL (MAFbX J_5Le)
g b e (55T sl i Sy e
QAS o

5 pte S5t sla S5y s
- e Loyl slaes 8 5 S ploe CIleb
WS35l (5T o5 SIS 4 A
25T 55 dlas Ol 4 (V)L s S slite Sl
1 o (I g 5) ALEI A5 (gla b oS 5o 51 S50
Sl 5T (g 50) (oLEI S sla b
ps A T | ¢ slaylc Jolie j3 (0L
ol tas s 1 (30 (35 5T 5 G (&S o
A lle s SUas Jls s cisyls 6,5 o
B P Tumnw] =N oS W
AL A5 (gl b 43 S5, S S IS 1 L By ST
S0 Ll la g 5 SUI 4 S (b ¢ 50)
NCAPRUINY (:}Llaiz.,.d (g 5) oLl A4S Ul &

2 dstamys pFOXOL L s e Dz b 5T
556 3 Yo &8 5108 o 36 olal s (gl o
3 Has by 5T e (ML MURFL o L
Sl s 51 o W5 e BN S5 5 (gl 8
S TRAF6 05 s a3l e adiien KIS
) SIS (sla ;o5 457 s o OLES Sl 5,5
AL ST ST S 4 lie 5o 5L A
Sl U aslital pe dle ool Lyl 5 Co
3957 dxe (s 5 O WSS ASle (6 5les
bg o (G s S Jlad 4y LIl Sl ol dizes
9345 Cl Lo 0 (NF-KB) B LS (gliceun 5556 &

dod0

L S bl go iy s 5L G ASGl alae
e o35 33 it G o 3158 b a4 5
LLod 51,0 ¢ 5 00 i 5 (SOhde sl O
I 5SS 3 e B S S plse 5 5L
50378 padpn S a8l 5T O i
g_:i;)>dw|w3r>f&gjaewd\j§5
035 Sl (Nl od mete 33 S 5 (S
s A4S Al e BB Slas (55T L (Dlae
Sliions Gk ()45 OT o 51 5 ey (55
Gl 535 Y Sl e e 45 Sl ok oalie w08
5 oSSV T 05 adsl (g 5355 7 sham ¢ Glioed oIl
b L anslin 53 (MHCD) o530 (S 0 o
SRS 300 Sl i 5 BB Ol J S
G ST il o ld o3y DL = (Pl
(s 0355 HalS 5o OB W 3 SO
03500 55 M 5 5 s b s (5, ok mla

L a0 )l JA;J?OL:g (His b3 ,T 5
o 3 (2 La03 ol il on 530 055,57
A Sl e S e 0335 3 S
O)das oo &1yl gyl 5 ool (gla g bl
Muscle ) MURFL L5 E3 a5y Soyp LK 53
Muscle ) MAFbx 4 (RING-finger  protein-1
23 hds 5T Calides ¢!l »> (atrophy F-Box
A o I3 0L 5 Olsl 03 8 53 8

0T 53 et 5 MURFL S
)3 Sl bl Gl wile el Loyl 5 > e
Ale e gl i) sl e s 53 T3 ol
Slro i g p)gme 4o ok st Jate la S
iy (g 5luldam 45 (as o 55 a1y ) gee S
WS o g | dlize

Gl (§ 5w s (51 TRAF-6 457 Sl 0k Sl
Nuclear factor-) NF-kB alox Il <K (gla s )

5 (Mitogen-activated protein kinas) MAPK «(kappa B

11€01€ 113 (PIEG o)Ladd «@ad3 § (w 8)93

ohsjle (Al ok oGRSl dlas Pic


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

pliSam g |_..n|.|il ppua culagay

6 5T e By s J8 5 il b S
()3 8 dal g &GS S o o s s )
Aas e u':)l)fa\_{.s)\: 3y sikidee Olallas
Al Sl (S5 58 sl sl Ll e HINT
Lot 3 5 (6,505 (Jsmme (B505 0l
GLL5 Ok 2 (e ot (2l SIS 2550 53 b
Sl it o141 e 51 dny TRAF-6 5 MURFL
am i s L ol gl O o s 53 3055
Pt &G &S e Sy 5T ooy gla )8 550
o el L6l 3 o551 L ol pom 5 als i
e ay SHIT o s LTS 0T e i Jle
93 $ABl o a8y Cows Sl (Dl o5 L5k Gl
oISy by a5 ol (S 31 003 g e Sy g0

?w!;@ﬁf@\ﬂjuéuﬂy@s

a9, 9 lge

Y ol A i leiT o aalllas s
YO Y 5) (glazia Coia Sy S gl e Lige
b4 8 s i sl se Ol 4 (p 5
YY) los Loyl b s il Olpm Jasme 53 Sl
sl SOk Cel 1YY w51 S sl
sl Gl 5 ST L 5 eSS b usb s
Ly Sllgm 55 0550 ol jur )3 Lidkd o 4%
RSl AR s (68 5 Ll &)
o ils 55 Sl U S 331 J gl 4dS™ ol
o)l L s an b L Oy (ST o ke
A plosl IRRUMS.REC.1400.262

@ St 05,8 P Bsla sb 4 Sl
3V s 8 28 =Gl =J 28) J ST (1) 05 5
e ) 5,8 0 i = Gl = a3) e
~r) S 2 UF) 05 8 (o 5 = G = 25
05,5 55 Slly (535 5 ks o (287 = Gl
Sl g 20 8 o Gl ST L J S
2> Sl il G S dms 5 8 e e Sles S

Sl 5 S5l ALy i b e s 5 0
093,15 LolEl s

S b 9l Ol el 457 das o Ol Sladlls
Mammalian Target of Rapamycin ) (HIT) YL
dide 350 |y SDuae 5 Shes Ll 5« (Complex 1
o Sl cCalbes galmen )3 (SDse 3557 5l
LU s bowwT 51 635 d 534S (oo,
OLE 00)LS (5,8 sl (6 e 4 dile Jail 4
st JB b A HIT o ad &5 Conl o osls
(s e ilia 5 iy b Lo e Lt 6805 Ol
L Slae 55,51 L S MURFL (5 akex |
31 e 45 305 Ol andllas ¢ 3,108 e LT e
GLa0; Ok 53 gy BB il HIT wnin Cota
5 (MTORCL AKEL A sle) (55 s s s Lo,
T L as Cils 555 MURFL 0L O S
Glaallas b .0H)Cul b, SMae o
LHIT o od a8 il yo 0L 5 o Ladllss
4 MURF1 [z u'::“:jjg:”}i e Sla,sSb zals
95T LS e Fae Sl o)y 6K Ol
W) 5d oo I8 Oy oLl s O2e o
HIIT (s ad azin F 4T Sl 0l 0305 OLES i o
33,51 L L3, MURFL 5 TRAF-6 sLad ol
salS s b g ol us dae s 1y Sas
ON L8> e

O > (A e 5 Sles 5 25 4 a5 L
Caal J (GOde 0355 oLk 5 ol Lo Ol
ST Ly ol o3 el Sl 5 5 GYU Sl
aS Al LS s Sl oa)ls Oleys Bl ISl alas
35T SIS s Pt 3 Ablie 0T L 0l 5 e
Olgmie a3 55 Sl o3 10Ky 3 (1)l
35T LS gl ia o S5 6320l o)l
Sl 5SS )3 (1) IS e ol —ul SN —ae

wr g an ode s an by e laeslSe

L ablas gl deT)l8 5w 087 Slays gl sy

PO 11€6 1€ 133 (PIEY a)Ladd «@ad3 g ¢ 8)93

ohjle Al ek oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

TRAF-6 ¢ MURF1 sslan) 0l » 3683 @ls3l @alas il guy ¢iapedil 31 awslis

Ok (6 SlwedSlaly 0 g ST slzms ool 5 05
O3l o jpolie ol s s 5 (535 O 92 Lo
()L s
eIl 03,57 5L O sl 1 glamd plUl s
O 5 &S015 Jde ol s Bg,y 51 Sl
S Sl sl Ly Jde ol 53 s eslicul
Lo b smo 3 Jlias s &S5 (g 78wl 5 5y 550
3G gl A fate B VL (656 sladks
lom o moa U Sl ol S35 14 S &
Sl glacows (4 )y ¥ L &) Cblls wles
S LT oS o 5 OT 51de 4 g s 1
33 Sl ol et Olej Soke bls e S
A Csd8 51 e bl Tl rsy (Y93 acia
oS 7 L DUl e o3 ke 0 ATl el
S 055 oMW 5 s (o LS 0 S
é:?j\ oslauwl U g ol Dl Lyl 5 s s
ol Oy by Bl (Al Cad 3 (A
0356 o3 b OksSl o gl oS Sl s e
355 sba Sl .l 2| sl Jbs 5 dlew B
Jde /ey CBs) GAK_;%L»;TLSD‘\J_H_U_E
55 koD 5 2S05s (Cpl5 528 ol GRAND
5 Pl SLalT planil U g deaie wle 055,50
LA g S b s A slas s JsS e
65 e dr 554> CDNA i sRNA sz
&l D&l o sb oS 5L 5w Az L
8 ,me y3 03 4u ) S 4 dtotal RNA gl Al
A3 5 05 5en (QIAZOI Lysis Reagent) ;, 5§ J55LS”

(e 03,8 Sl dzils oS B HIT ab o
HIT by oSG s Sl el Gl 1 dm Lgs
8 L5 55 g 05,8 Dbl dinils S5
zsls CS A HIT ab &S5 s Sl plil G
55 65 O3 L DUl (LbaT sk o

L (slatin &S0 (o 5o el &S5 a0 ol Sl
laads Ve Cde gads 5 , ALY Ce
i oy 5T 3l PA C5 8 51ty e (YD)
0 SUl g diiis b Ol cpen (61 (gl
Al et Sledilel s 0T oy pad Sl glie Ol g8
Yl s s aids p pa ) Cepm bOpeT
Oy Olaj i oo LS OT Co o s e ¥ cads
L 33 53 LT Ulg e by St 4 Sllp
dﬁ\jlﬁ.uuwgdsuduafﬁ;l?u_\
Sl et e Jlwolilel s O 5a 3T 5o S ST
lazingy HIT a6 53 o pai (slaog § by
2 opS el S s ST S e ey a a
23 ol b Slwedilaly O 5e 3T ai Co bl
39T i e Lo A i b oy e dl]
Qur}#uﬁ)b.x_&b&ywwﬁp:m
L sbl amin 93 )3 5 i Co o3 A0 4 o o
bl aalsl Slawoblel g & gn 3T dibir Cob o s y3 Vot
L CJled azds 95 Jols gl oy93 o .() ojlad Jgtr)
03 Sl s s ol jes a2 Y o 4 Jleb Sl
23 Ay S Lo y3 00 = P s aaT Glasls
23535 oS gD Joli gl atin oy odb 3 5 s

slaazan Bbl 55 Grmred o) dlag A g SLL ais o

HUT) Jaa gt 53 o osliul 2y je3 JSG 5 5 t05ked Jour

Sl sl win 53 Sl Ol win > o Ske sl s Sl s L s Sl s [ RN P Cleb sl alay ain
ain y> 4ids) (b oy Ao 33) (b Co o Ao p3) e (ki C o Ao ) (4zds)

o 4. 2 2 A YY > \

1y N v 2 A Y [ Y

o v v o q YY v Y

1 Vo vo o Ve Y A ¥

1 Vo vo o Ve Y A °

11€01€ 113 (PIEG o)ladd «@ad3 § (w 8)9s

ohjle (Al eolc 2GSl dlas Py


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

pliSam g |_..n|.|il ppua culagay

345 ek Leven 0pe]T Ll il sl 055 Olees
QJ}.{&K&#}(P> /00) Laesls 05 s b b b
OIS (e el S s AU (P> 0/00) La Lyl
oslazul 15T (5Ll 05037 51 s it s sl O3 5
YY 4. SPSS )|;|¢jg¢,uT e Jdos plod i

-('/'5 6)‘:‘52&/: éﬂ.ﬂ) A (:\:u‘

LY SR R - PSP Ry- U JU | P i g1 - PRES

o3 s
r-Traf6-f ATGACCACAGTCTTACAAACC
r-Traf6-r GCTGAAGTTCTCATCTACTCCC
r-murfl-f CCGAGTGACCAAGGAAAACAG
r-murfl-r CTTTTCCAACTGCTCTCGGTA
r-GAPDH-F AGGTCGGTGTGAACGGATTTG

r-GAPDH-R TGTAGACCATGTAGTTGAGGTCA

sl
L;ua,fwdmowquduJ;,ayiﬁ;
Syl aalse ;)3 MURFL 05 0L )5 jiagi
MOH}T@\S-(P:'/""‘)JJ‘JJ}?}&)‘D&M
G Lo g 8 don ;3 MURFL 05 0L 3 55 0l S5
(P +/+0) 3 05 3555 55 e Sls J S 05 8 @
L;Lho)}f&:_gé)b@m&)wg__hc}_i:_bgbj_bj‘

) ojlas 5ls503) (P> +/400) SB35 g 5o y03

I Murf1

0L C o b iz 55 MURFL 05 0l Sl as 1 o3k 510905
ﬂ._{Lka)jfjésE)‘Lﬁﬁ‘dﬁfﬂjﬁl{)h&ﬁ&j&]ama

LVAR L INSVAR) sV IFIVA | IS IR | B g

05 0Lz 03 Shasim lves 8 e i o

Gl sime 3l b 0lx&l b ob alae ;s MURF1L
S 35 i 03037 gls (P 0/ 0 )) Ll g
o Comd Laog S aen 53 MURFL 005 0l s sls 0L

°C Las 33 Jsmames ¢ s p o)l (il (6
e 98 Sk il 4ads g e Ve caads e oF
SN ey s byep s SL D4 Loy
VYo candsye of °CJJW..L2:::|:Q[§SQ.L§4{
o2 3 2T 5 grtan i B s Sy Bl 4S50
34:_&l>ﬁRNAL55l>U:.59.L~'Al>f):..\i:Jf\Aq-
L g l3ee (Isopropanol)J sls s ;9 5l Lo /0 4 ) S b
03 e 9 4B Loy OU1 (gles j3aidn Vs Ode w9
e A3 8 0 Sl VYerr gaads Vb FOC
Yooy 5 s—iand J gLl 3 RNA gl slac L
L RNA ¢ ble s J>RNAS-Free OT s S
- Eppendorf) sLaJT Cs st oK 1 osliz
VA G YAY 4 Y90 Cd 4 5 ot 5 50 (GEIMaANy
Fw 3§ i 5 sllae el Olyie Y U
des 4 5 RNA Sl p S5 Seo ol eslizal LLDNA
e o 5T 5 e L CDNA e oS
(1) o]

Real time-) ¢85 )3 o 5l aek slo iy L3S
SMURFL sLad3 0y & s s -5 o351 :(PCR
Sl eslerwl L Real time-PCR  oS™ 5, 4 TRAF-6
Cl_?dl LS T 525" &L Primix syber green |1
JUSRCAPKCOR 2\ o 03 Sy bl s
Loyl (ol i ol (651,55 &) g0 40 1S T
55 3 TRAF-6 s MURFL (slagy Sledbl bl
oS 558 053 Sl oS 5 L g sNCBI 55 eSSl
s 53 o3lizal 3550 Gla sl I 23 5 plon
& GAPDH I e 53 Ccul ok 3515 Y o)l
syse gles alpds £ eslinul J a8 05 0l se
Vo Sde 4540 °C ¢ JoLx Real time-PCR s oslaw!
4283 ) S 4 P °C (Al VO e 4 40 °C cadds
G 3 se S0 Ol Ol 35 (a5 2 Fr 1 ST)
(9L (5, S o351 2780 54,1,

;;H,'T,'\ua.s\.s@,'}:osﬁdujswgﬁ-

‘x_ev.k}asl.a:_m‘ (KS) Jyw|—d};}_~.5;

PV 11€6 1€ 133 (PIEY a)Ladd «@ad3 g ¢ 8)93

ohjle Al ek oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

TRAF-6 ¢ MURF1 sslan) 0l » 3683 @ls3l @alas il guy ¢iapedil 31 awslis

TRAF-6 05 0L 53 s sles 8 o e

Q_Lb:‘,g-jgjbdwoﬁwgouﬁ\&ubw)a
Ol 52303 0lad (S5 (outnd 03037 gl (P= /00 0¥)
Sslis J S 05 8 4 S Loy S aen 45 TRAF-6 (3
‘_'L—i“}_ilbk_.}J—bj‘.(P<'/’O)JJ‘J)R‘}LQ‘)‘)‘;N
Solsiine sl 5wt 098 5 n e Shos 8
20355 3 p e 03,5 o Lol dP< 2 /0) 53 3
ol sinn 3L 35 p a3 3L 5 T 05 8 5 0p e

(f' e‘)‘.o.fln‘)\)}oi) (P> '/'0) Sl >S9

TRAF-6

ol

:JLJD(JJ.'.;S

» TRAF? O g Ot
J

L e

%

0l 5L alae )3 TRAF-6 05 Ol Ol s 16 05komis 510903
558 05,8 L s e oslis edias Ol b (okiSSH ob
3L 03,8 o sla ine sl odins OLE C (p ed (2095
&ﬁ)\)@n@)wCMauéow:bCLd}So);}Jﬁj
Lo S 53 SE e ¢ o3 (o 5 n oS 3L 03 8 b o o3 035

AR\ SIVER EAXSVER N ALV AY Y eGSO P VR | U 5 R

@Moﬂws&maw@uaqu
Loos S plo & i 03 Sbog S 03 o hge 035
S ) eimmans 9 (P<2/00) 5505 (g )ls sae sl
5 o e e dhas 4 0SSl b dlas s
0 oyl Hls gad) Al o0

(S olbon T ame > Al dliae (35 5T

D aS was o Fy dode 103 SSoslial 5

Mg gl dle glaay o glab>de L6 b

5 ol Ol p3ei s Gl (S5 S
V)38 o 56 el oS0

j\ (P<v/00) .JJ\.J Sy 6)‘%;'-'-‘ Q)u}' JJZ.{ ejj?
Slaos 8 s o mai Shes,S mess s b
o= Ll dP<o/00) 3,03 540 5 (615 sime Do gl& s el
. . - ‘e - - g

(P>+/20) Calh s oy (SO (o325 oo 035
(Y O)Lq.i' )‘)}«3)

‘] Murf1

o

<MuRFy ;5

Josb oS5l alae 55 MURFL 0 0Ly 05 oY osled ylages
2l 50,58 05,8 U ls ine sl elias Ol D Oz
@)a,gojfm,\;wc,wcg‘,“:gw:c‘LM,J?
/YD ity do o Sl 4 log 8 53 SE i (o e

/000 /YD /0 VY

Sl o 3l odeT Cns 4 (laasily o) s osdle

A% alas ;3 TRAF-6 05 Ol 53 457 sls ol (g T
a,.»,'T@u.(Pz~/~~~v)>,|>>,_w‘5,|;$;noju:
Laog S aan 3 TRAF-6 0 0l s sls 0l S5 ouins
h0) 3 )l3 355 (S l3 stme gl J S 0y S 4y Lo
s Slaes 8 oy ol a0 b Sl (P<

(“ O)LQ.:N J‘J}aj) (P> '/'a) R 29

TRAF-6

olasb ‘gs‘k"' dze ;5 TRAF-6 O} ol Ql}_.gx.? ¥ oosleds 510908
%{un};)ASE)\-L:LA ‘szfajffg)bswajlj: olas

VA4 TVAR ) SrSVARVNAVEL Vi GG P VR i U

11€6 1€ 133 (PIEG o)ladd «@d3 § (W 8)93

ohdjle (i) ol oEibily dlas PA


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

pliSam g |_..n|.|".|.l ppua culagay

Asle ot (sl ) lird ol 5 pb 4 o) AT
S (Slmo s 5 p5 g Ay iph fuane C 55
Bl o P i o das a1 S Bda ) e
N3 5b o e 55T I b 5 La 0T
535 045 Jooosd 655 Oy 4 i oaMURFL
N esBiTL Lo e 6LalS 4l Oy 2 5 45 o Joe
Sl il e 5 3ME o SU e oD e
s Lis g1, ST 1) (MRFS) S35 000 gouis (glay 556
O (YOI O S s iz ol alile A
ool S5, 5 S S Lo 5 o 3len 5 sb MURFL 0L
S 545 0 JLSFOXO s sigy sloa, 556
e o o 53 0T A Jate OT )55 505
(s o il 5l

R e R B R
NS em A Sl e RIS s 4 (SSae
AU o 48 (03355 5 2 S g e ar
03 o Ams or f 5 e mul TRAF-6 Al L0
MURFL dsle s 5T L Lo el se Ol Sl - Sae
St e Jos s T 3 55 &5 1, MAFDX
Sl 45 Calodd 033 JLES .(VAST o dad (s
0355 35S ;wly 2957 sls SSLss -l TRAF-6
spp SDde o sladids 51, e
(5L gl ous Jlad e TRAF-6 .(r\)dicw o0
Sl 3 e 33 5T 52 5 5 Ko Sl e
S e OT el S o K ialen
Jetes 1 Sskor Gl i 5 35 o Lap 3 S B 5
e a3 J& s Sl e 5> TRAF-6 (1) AS 0
TWEAK 15l olgdl iy sls S st b g5 0l
Tumor necrosis factor-like weak inducer of )
Tumor Necrosis Factor ) TNF-a s (apoptosis
Gob 3 Al oo b S g sl s yls i@ 4 (alpha
s o Eoly TRAF-6 & wls (slapuslSs
DL L5 e dide oo ) Sl 5 sl
NF-kB K& oo TRAF-6 3,050 ol 5 0sdle

e (g grend (peSile

B
;\f'\j,f s o

2 g Y
A A
\)’é \j,ff \3’( \5'(" Jy’

B

OLzSSl s sb oS 3U dhade 035 o i 10 0 ko 510905
Coslds L e O5s a (b 055 S DladS 5 b S50 05 4
wwﬁjéuo};ﬁquaﬁjl{oj;)b@

P/ 0) s Sge 059 4

Ot aska b aS ol LS Sl i sl
Sl ol Gl w93 1 ey HIT) s ool
TRAF- s MURFL (L0 Ol s ine 2ol o 5o
5L Ll s 5 () Lelal s S ae 556
23 o gl e Sla s (Dt s oS
2 Sl ne Sl Il ol b3 ga o o3 Sl S
laos 8 o 5o Awalae 53 s 50 slao O
Jesb oS 5L alde s Lol (Cbll 3 gy s o3
o) G 303 S o U3 e sl 0SSl
A 355 La0S Ol 5 ey § sl 5 (o jei- Gl
3L P e (e T ST 0L el ol DBy 3
s (5557 55 (ELEI G dlds y3 05 5 54 0
)l Glosd ol Gl 31 0
053 ¢ Hde 35T 53 ege L8 MURFL 0
Ol Dlalllas s)ls Sl ol Gy Lile sl /5 55
Sl SaLS & e MURFL 0 JUsb b &7 s o
(P opb b g il o s (Plde B 5T
=55 T MURFL 05 (KO) s gl SSU (sl i 5a
£ BB e b amlin 5 e dlas 55 5508 has
4S sl Ol Glos plif 0555Vt Gebti ) oy (B
(e Db (955 T AT b ol s MURFL was o 0L
Ly 5 ped s sl 555 5 o &5 MURFL ()l

Jetd 293 55 e 5 Sl Lo OT 4 05 e

Pq 11€6 1€ 133 (PIEY a)Ladd «@ad3 g ¢ 8)93

ohjle Al ek oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

TRAF-6 ¢ MURF1 sslan) 0l » 3683 @ls3l @alas il guy ¢iapedil 31 awslis

9345 Ul Ol OLer 5 LSS ol 0sdle Ll
75 FB sk @ etnl B geglie sHIT 0 o 5
1 Sl bl Sl oSG a8 TNF-0 o o el
3t HIT 05,8 53 50 ol g dias oo JralS
o o) el sl ws Sledas Olis &S (ol
&jlmsm\:owuwﬁr@.@\@ﬁ:
33 st 35 6 555 TRAF-6 sla HIIT 55
Ss 2alS 4 5L oS e B (abs ey 8
oAl ol aalllae (glaa Bl L 55l op el
()l

o5 BB osb a HIT &8 ol ois osls 0l
&G a8 o S g5 51 g5 hae o
2l HHT acdm YA 51 e 457 505 0L arlllas
E5 33 2 02 sileSI C b 5 (5 s sla s
Sy 0581 i3l adias OLis 457 Sbls 5y b
sls olis ngii’ andllas (PNl O3S 5l oslazul
Lo e el 3 g 5 BB G131 L HIIT &
g5l gy O 5o (555 mla & aie o a3 Sl sy
03,5 p s 08 s s J ol b (FV)s 55 a1
sloul e ildSTos by S HIT
Lactate )05 s SLS™Y b Lual 05 S5
lla ¢ by ol 4b 4 1, (dehydrogenase
(Pl Aol el

S35 s0 she,E e s 4 HINT o 40
5k AU s sla i L alie )3 codaze
ST 3 B HIT ol 1 g s sla b
ol b g5 a5 1) Y Slss S oS5
22 6 e ORI g o O el s o
(S 5 S e s s b s sl Klss
L3l 4 ol ol ki o OLES (05 Sl oy (5 50
L;))ﬁdsﬁda:\:&ﬁ_ddjw_f&ﬁu
el b s 2555 dsb oo Il g 50 sl ;o
23 s JoB RIS g S sla s (P 5d e
JLs 4 LT oz Jb 5 oyl sale slad sh (g1 e

23 Je5 6Ll o 55y Sl 4SS e Jles |
S Ml pgr s s 95T 5 ol
SALS 1y (Plas S8k s el sla gl TRAF-6
AL S LSy S g T8 0 aS s e
Lo ITRAF-6 5lgr ¢ ol i (sl e Colad
(0 LS oo Sy SMNas e 5 Sl 6 S el
clads w5 wsen 53, Slhes gl TRAF-6
s (6500 S (5Ll gl &S gle )l ake
=S5 5 il L TRAF-6 Lo .ol L
Alde sy 4 e s GRIH1 o)l pale slad e
N0 O PRS- Ny I
Wl o HINT aS s o 0Lts Sl
Il a5 ST o 1y S S 0 gl
A 3 0509 4 S dblis dloe O3l s
23 (ML Sz 55 5T s 5,00 534S
azia A4S Wl 0las OLKen 5 (g jhn bl pran
oalS G b 5IVO2max Aoy AB-Ar il L HIIT
S 4 Sl alas ;s MURFL 5syd slao O
TV 0 ¢SS b sla Sge ys by 5T
AL ST Wl ol 0L (glanlllan 55 5y e e
Ole il ol e 0 5ol S 4 U
azin ¥ 5 Culol ,—oa TRAF-6 s MURFL sLas
el LS das o 2alS | a0 oml L HINT
25 B L el s (Il ges [ s
= HIT azia A 3101, SKan 5 550 S sl
33505 o2 ) B e A 5 e 23S
o e Olages 55k 4 HIT o875l 0l WoT ol
Asle 55 e odins S (gl 0L ol
o= > 5 (86 Kinase )S6K1 s mTORC1 (Aktl
aadllas 55.09)3 55 s MURFL 0Ly S, JLs
53 MURFL 5™ wsls ol 0,8 5 sl 50 6 K5
Sl ses gl s oed e 0B 5 ba a5l 4 525
10 5 (YA) 3,15 ik STl das )5 5855 5 4 52

Al gt Us o S 5L 53 (5 g 1 4 s cle oos

11€01€ 113 (PIEG o)Ladd «@ad3 § (w 8)93

ohsjle (Al ok oGRSl dlas Wo


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

pliSam g |_..n|.|il ppua culagay

S Ul 53130 s b o3y a2k
HSosbarlhlos S 08 (S 25 T 51 U
(SDse Al ols o ikee Jalse 4 O g5 o0
5 e sl 53 )85l s o A5 o e
Uil 65K, gl 1y dae oUlg (s (Sl s
Ly sdame a3 S oy 5 e 5Ll 48 as
sla b laaria (Jds oyl all 5 (FVAS o Joged
5 b Lo S o 0555 oSS I b s Dhis
S Gl b D95 Sl ol gl 4
(FALL s o s 53 K55 o (6,8 5k osbgs ae
e Jl DU (S 0 5 o Pde (e LS
GRSy o S sl T b g didu e 3 ) (Dle
b s Dlde 18 5 e 5lail 0Ll 5 das
Cel o el oy Jal g (FOLS o 0l 31 (63 Sas
S ) e 5 255 00 (s glay ST Ol 15T
Sos e Dde gl 5 e 5 (Sl 4SS 0
el on Sy ad sl 8l g s s Sl 0]
OB s 3l ey 1o 65V (Dhe s 5 e Olim
S ol g el e Sl $3, Sl & dims o
OVl EMae (g5lesl s s g0 Ol L5

S 313 OLE S e s o IS b 4
Sl bl Glas 51 L3 (HINT) Sy 5l o 503
MURF1 L0 Ol jls gms ialS” Esl 0T 51 e 5
oL 45 5 () LolEl S Slae s TRAF-6
2 eps 5 ) e sl e (VLK o sb oS L)
el g az 5 L ol bosss o 005 Sbes 8
2 ot S HINT sy o 50 5 ey
why s 5 Mae o3y ks BT 5l S
OMae 4 Cawd ol s Sae 53 o sl e
0 Ol o HINT Skl ol s sl o oLal uST
S Sae 035 Sl 55 LT Sl 5l 51 S O 50
Sl S ze 3 pll (S i o ) A by s
g0 e Lyl

aS s e 0L 1) YU Sl b &S5 S Sl Syl
@gw\.@\w,wawu,,ﬁ; sy
HIIT o (Pl asedin 50571 g 55 DU o
SLp b LBl ol 53 (i sl sl
A 6o Wl g s Ol ok o SHhae
B - e N . WPV B PH 0. S g g5 Ul
s pamazme 53 el e o] (FO)AS o i G559
L amslia ,s HIT w11 g5 BUI 5 i o oSy
S eSS g5 ol

sl jailze Ul p gl o ol ST 6 i
S Ly il S Y sb Skl g5l Sl 5 5|
DALE! LS la b ys 0k san Sae b 5T Esl
Gl (Saa HIT o7 s o 0l Sl (VD) 5 o0
Tt 585 et Sl s 4 | 551 (Sl s
Wl g e sl dolate e glie Sl o5 b S48 ctas
(50355 s by 5T a4 s

o355 2Lk = s 2B S e 0k
L =S e slaoy s 5l gy ady Cows S Sae
ol s L e SIS Slaal )l Gl
0355 2Lk 53 (e 5L 5 e gy S I 0L
035,08 Gl sladde s asd ) Cows I GHlae
L v i sbawa F oS ub osls 0l 5 ay (slasllas
o e Sl el Godad S ey (eglie DLy o3
3-) PDK1 AKT sloads Ol s o—ine ol 53l
s (phosphoinositide-dependent protein kinase-1
(Phosphatidylinositol-3,4,5-trisphosphate) PIP3
i gl sla s o S dle o
= 2S5 S Glai- s e (S Slaes S
JSHIT 51 5 addllae 3 cior on ()5 53 oo 0 o3
5 Pl mle G0 Ol 2 (Sl plil G5 Sl A
e s (Activin receptors type Il B) ActRIIB
Galas 1 s HHT s 31487 s o3l 0lis Sl
S 53 Laey 8 sl 4y S o peijles S )

(Dl 5 i il WO

w) 11€6 1€ 133 (PIEY a)Ladd «@ad3 g ¢ 8)93

ohjle Al ek oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

TRAF-6 ¢ MURF1 sslan) 0l » 3683 @ls3l @alas il guy ¢iaedil 3| awslie

References

1.

Sartori R, Romanello V, Sandri M.
Mechanisms of muscle atrophy and
hypertrophy: implications in health and
disease. Nat Commun 2021; 12(1): 330.
PMID: 33436614.

. Peris-Moreno D, Cussonneau L, Combaret L,

Polge C, Taillandier D. Ubiquitin ligases at
the heart of skeletal muscle atrophy control.
Molecules 2021; 26(2): 407. PMID:
33466753.

. Kazremi A, Masoumpor Z, Dakhili A,

Zangiabadi A, Fathi 1. The Effect of
mechanical unloading on TRAF6 and
MuRF1 genes expression in soleus muscle of
male Wistar rats. J Sport Exerc Physiol 2021;
13(2): 67-74.

. Sharlo K, Tyganov SA, Tomilovskaya E,

Popov DV, Saveko AA, Shenkman BS.
Effects of various muscle disuse states and
countermeasures on muscle  molecular
signaling. Int J Mol Sci 2021; 23(1): 468.
PMID: 35008893.

. Ghanbari Mazidi V, Kazemi A. The Effect of

a Retraining Course on the Expression of
AKT, PDK1, and PIP3 Genes in the Plantaris
Muscle of Male Rats. J Isfahan Med Sch
2024; 42(769): 430-438.

. Kazemi A, Saeed A. Effect of Spinal Nerve

Ligation (SNL) on the expression of TRAF6
and MuRF1 genes in soleus muscle of Wistar
rats after HIT training. J Sport Biosci 2020;
12(3): 347-362.

. Labeit S, Kohl CH, Witt CC, Labeit D, Jung

J, Granzier H. Modulation of muscle atrophy,
fatigue and MLC phosphorylation by MuRF1
as indicated by hindlimb suspension studies
on MuRF1-KO mice. Biomed Res Int 2010;
2010: 693741. PMID: 20625437.

10.

11.

12.

13.

14.

. Paul PK, Gupta SK, Bhatnagar S, Panguluri

SK, Darnay BG, Choi Y, et al. Targeted
ablation of TRAF6 inhibits skeletal muscle
wasting in mice. J Cell Biol 2010; 191(7):
1395-1411. PMID: 21187332.

. Paul PK, Bhatnagar S, Mishra V, Srivastava

S, Darnay BG, Choi Y, et al. The E3
ubiquitin  ligase TRAF6 intercedes in
starvation-induced skeletal muscle atrophy
through multiple mechanisms. Mol Cell Biol
2012; 32(7): 1248-1259. PMID: 22290431.
Miljkovic N, Lim JY, Miljkovic I, Frontera
WR. Aging of skeletal muscle fibers. Ann
Rehabil Med 2015; 39(2): 155-162. PMID:
25932410.

de Theije CC, Langen RC, Lamers WH,
Gosker HR, Schols AM, Koehler SE.
Differential sensitivity of oxidative and
glycolytic muscles to hypoxia-induced
muscle atrophy. J Appl Physiol 2015; 118(2):
200-211. PMID: 25429096.

Sato AY, Richardson D, Cregor M, Davis
HM, Au ED, McAndrews K, et al
Glucocorticoids induce bone and muscle
atrophy by tissue-specific mechanisms
upstream of E3  ubiquitin  ligases.
Endocrinology 2017; 158(3): 664-677.
PMID: 28359087.

Moriscot AS, Baptista IL, Bogomolovas J,
Witt C, Hirner S, Granzier H, et al. MuRF1 is
a muscle fiber-type Il associated factor and
together with MuRF2 regulates type-11 fiber
trophicity and maintenance. J Struct Biol
2010; 170(2): 344-353. PMID: 20149877.
Wang Y, Pessin JE. Mechanisms for fiber-type
specificity of skeletal muscle atrophy. Curr
Opin Clin Nutr Metab Care 2013; 16(3): 243-
250. PMID: 23493017. PMID: 23493017.

11€6 1€ 133 (PIEG o)ladd «@d3 § (W 8)93

ohijle (Al ok slEibily alas wp


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

plilSnm g |_..lb|.|'i.l ppua culagas

15.

16.

17.

18.

19.

20.

21.

Manaf H, Hamzaid NA, Hasnan N, Yiwei C,
Mohafez H, Hisham H, et al. High-intensity
interval training with functional electrical
stimulation cycling for incomplete spinal
cord injury patients: A pilot feasibility study.
Artif Organs 2024; 48(12): 1449-1457.
PMID: 39041394.

Gholipour M, Mazaheri S. Activating the
Protein  Synthesis  Signaling by HIT
Concomitant with the Suppression of Protein
Degradation in Wistar Rats’ Skeletal Muscle.
Gene Cell Tissue 2022; 9(2).

Zolfeghari MR, Nemati GR, Fattahi A. The
Effect of Eight Weeks of High Intensity
Interval Training on Ubiquitin-Proteasome
System in Fast Twitch Muscle of Post
Myocardial Infarction Rats. Sport Physiol
2020; 11(44): 89-106.

Kazemi A, Barbat S. The Effect of High
Intensity
Expression of MuRF1 and TRAF6 in
Extensor Digitorum Longus (EDL) Muscle
of Aged Mice. J Sport Biosci 2019; 11(2):
225-237.

Ebert SM, Al-Zougbi A, Bodine SC, Adams

CM. Skeletal muscle atrophy: discovery of

Interval Training on Gene

mechanisms  and  potential
Physiology 2019; 34(4): 232-239. PMID:
31165685.

Ozcatal Y, Akat F, Tatar Y, Ficicilar H,

Serdaroglu B, Celikkan FT, et al. Effects of

therapies.

high-intensity interval training (HIIT) on
skeletal muscle atrophy, function, and
myokine profile in diabetic myopathy.
Cytokine 2023; 169: 156279. PMID:
37329818.

Kazemi A, Kerendi H, Khajehpour Z. Effect
of Spinal Nerve Ligation after Endurance
Training on the Gene Expression of MST1
and MAFbx in Plantaris Muscle of Male

22.

23.

24.

25.

26.

27.

28.

Wistar Rats. J Mazandaran Univ Med Sci
2022; 32(209): 1-12.
Malekipooya M. Response of acute
incremental aerobic activity along with
electrical stimulation on some markers of
angiogenesis in Isoproterenol induced rats.
EBNESINA 2024; 26(1): 28-37.

Thomas C, Bishop D, Moore-Morris T,
Mercier J. Effects of high-intensity training
on MCT1, MCT4, and NBC expressions in
rat skeletal muscles: influence of chronic
metabolic alkalosis. Am J Physiol Endocrinol
Metab 2007; 293(4): E916-E922. PMID:
17609257.

Zhang BT, Yeung SS, Liu Y, Wang HH,
Wan YM, Ling SK, et al. The effects of low
frequency electrical stimulation on satellite
cell activity in rat skeletal muscle during
hindlimb suspension. BMC Cell Biol 2010;
11: 1-9. PMID: 21087483.

Rahmati M, Ghanbarzadeh M, Aghaei MH.
The effect of decreased activity in the form
of neuropathic pain on GSK-3 [ gene
expression in sciatic nerve fiber of male
Wistar rats. 2018.

Madahi M, Gharakhanlou R, Azarbayjani
MA. The effect of decreased physical activity
on the expression of muscle atrophy-related
genes after resistance, endurance and
combined exercise training. J Sport Biomotor
Sci 2021; 26(26): 1-11.

Fisher A, Seaborne RA, Hughes TM,
Gutteridge A, Stewart C, Coulson JM, et al.
Transcriptomic and epigenetic regulation of
disuse atrophy and the return to activity in
skeletal muscle. FASEB J 2017. PMID:
28821632.

Baehr LM, Hughes DC, Lynch SA, Van
Haver D, Maia TM, Marshall AG, et al.

ldentification of the MuRF1 skeletal muscle

W 11€6 1€ 133 (PIEY a)Ladd «@ad3 g ¢ 8)93

ohjle Al ek oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

TRAF-6 ¢ MURF1 sslan) 0l » 3683 @ls3l @alas il guy ¢iaedil 3| awslie

29.

30.

3L

32.

33.

34.

35.

ubiquitylome
proteomics. Function 2021; 2(4): zgab029.
PMID: 34179788.

Kakareka K, Waddell D. Transcriptional
Regulation of Skeletal Muscle Atrophy-

through quantitative

induced Gene Expression by Muscle-Specific
RING Finger 1 (MuRF1). FASEB J 2016;
30: 1009. 12-1009. 12.

Waddell DS, Baehr LM, Van Den Brandt J,
Johnsen SA, Reichardt HM, Furlow JD, et al.
The glucocorticoid receptor and FOXO1
synergistically activate the skeletal muscle
atrophy-associated MuRF1 gene. Am J
Physiol Endocrinol Metab 2008; 295(4):
E785-E797. PMID: 18612045.

Kumar A, Bhatnagar S, Paul PK. TWEAK
and TRAF®6 regulate skeletal muscle atrophy.
Curr Opin Clin Nutr Metab Care 2012; 15(3):
233-239. PMID: 22366923.

Paul PK, Kumar A. TRAF6 coordinates the
activation of autophagy and ubiquitin-
proteasome systems in atrophying skeletal
muscle. Autophagy 2011; 7(5): 555-556.
PMID: 21412053.

Wang J, Zhong X, Yin H. TRAF6 initiates
inflammatory  signaling via  organizing
membraneless  cytoplasmic  condensates.

bioRxiv 2023: 2023. 06. 19. 545655.

Li J, Yi X, Yao Z, Chakkalakal JV, Xing L,
Boyce BF. TNF receptor-associated factor 6
mediates TNFo-induced  skeletal — muscle
atrophy in mice during aging. J Bone Miner
Res 2020; 35(8): 1535-1548. PMID: 32267572.
Hindi SM, Sato S, Choi Y, Kumar A.
Distinct roles of TRAF6 at early and late
stages of muscle pathology in the mdx model
of Duchenne muscular dystrophy. Hum Mol
Genet 2014; 23(6): 1492-1505. PMID:

24163132.

36.

37.

38.

39.

40.

41.

42.

Hindi SM, Kumar A. TRAF6 regulates
satellite stem cell self-renewal and function
during regenerative myogenesis. J Clin
Invest 2016; 126(1): 151-168. PMID:
26619121.

Hindi SM, Paul PK, Dahiya S, Mishra V,
Bhatnagar S, Kuang S, et al. Reciprocal
interaction between TRAF6 and notch
signaling regulates adult myofiber
regeneration upon injury. Mol Cell Biol
2012; 32(23): 4833-4845. PMID: 23028045.
Callahan MJ, Parr EB, Hawley JA, Camera
DM. Can high-intensity interval training
promote skeletal muscle anabolism? Sports
Med 2021; 51(3): 405-421. PMID: 33512698.

Jafari A, Ahmadi M, Shadmehri S. The effect
of high-intensity interval training (HIIT) on
syd and murfl gene expression in skeletal
muscle of diabetic rats. 2019.

Tonkaboni SF, Khaledi N, Askari H. The
effect of Progressive Resistance Training and
High Intensity Interval Training on TRAF6
gene expression of the heart muscle and
serum TNF-o levels in male diabetic rats.
Med J Tabriz Univ Med Sci 2021; 43(2):
209-219.

Tan R, Nederveen JP, Gillen JB, Joanisse S,
Parise G, Tarnopolsky MA, et al. Skeletal
muscle  fiber-type-specific  changes in
markers of capillary and mitochondrial
content after low-volume interval training in
overweight women. Physiol Rep 2018; 6(5):
€13597. PMID: 29484852,

Tsitkanou S, Spengos K, Stasinaki AN, Zaras
N, Bogdanis G, Papadimas G, et al. Effects
of high-intensity interval cycling performed
after resistance training on muscle strength
and hypertrophy. Scand J Med Sci Sports
2017; 27(11): 1317-1327. PMID: 27659479.

11€6 1€ 133 (PIEG o)ladd «@ad3 § (0 8)93

ohdjle (i) eolc sEibily dlas Wwic


https://jmums.mazums.ac.ir/article-1-21821-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-12 ]

plilSnm g |_..lb|.|'i.l ppua culagas

43.

44,

45,

46.

47.

Kohn T, Essén-Gustavsson B, Myburgh K.
Specific muscle adaptations in type Il fibers
after high-intensity interval training of well-
trained runners. Scand J Med Sci Sports
2011; 21(6): 765-772. PMID: 20492589.
Cermak NM, Snijders T, McKay BR, Parise
G, Verdijk LB, Tarnopolsky MA, et al.
Eccentric exercise increases satellite cell
content in type Il muscle fibers. Med Sci
Sports Exerc 2013; 45(2): 230-237. PMID:
22968308.

Lamboley CR, Rouffet DM, Dutka TL,
McKenna MJ, Lamb GD. Effects of high-
intensity  intermittent exercise on the
contractile properties of human type | and
type Il skeletal muscle fibers. J Appl Physiol
2020; 128(5): 1207-1216. PMID: 32213115.
Afzali M, Kazemi A. The effect of HIIT
before and after hindlimb suspension on the
gene expression of MSTN and ActrlIB in
skeletal muscle of male Wistar rats.
EBNESINA 2024; 26(3): 37-49.

Ehmke A, Binhardi PM, Zecchin A, Aquino
R, Puggina EF. The effects of high-intensity
functional training on muscle damage and

48.

49.

50.

51.

recovery capacity in trained individuals. Rev
Andal Med Deporte 2023; 16.

Sharples AP, Turner DC. Skeletal muscle
memory. Am J Physiol Cell Physiol 2023;
324(6): C1274-C1294. PMID: 37154489.
Baehr LM, West DW, Marcotte G, Marshall
AG, De Sousa LG, Baar K, et al. Age-related
deficits in skeletal muscle recovery following
disuse are associated with neuromuscular
junction instability and ER stress, not
impaired protein synthesis. Aging (Albany
NY) 2016; 8(1): 127. PMID: 26826670.
Hammond JW, Hinton RY, Curl LA, Muriel
JM, Lovering RM. Use of autologous
platelet-rich plasma to treat muscle strain
injuries. Am J Sports Med 2009; 37(6):
1135-1142. PMID: 19282509.

Harber MP, Konopka AR, Jemiolo B, Trappe
SW, Trappe TA, Reidy PT. Muscle protein
synthesis and gene expression during
recovery from aerobic exercise in the fasted
and fed states. Am J Physiol Regul Integr
Comp Physiol 2010; 299(5): R1254-R1262.
PMID: 20720176.

wo 11€6 1€ 133 (PIEY a)Ladd «@ad3 g ¢ 8)93

ohjle Al ek oGRSl dlas


https://jmums.mazums.ac.ir/article-1-21821-fa.html
http://www.tcpdf.org

